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Abstract 
The control of gob water hazard is the key work of prevention and control of mine water in recent years, and the main 
content of the "11th Five-Year Plan" period of coal mine safety production and research work. Based on the data of 
water quality of Jincheng coal mine, the evolution of quality of gob water and formation mechanism of acid gob 
water are discussed, the causes of acid gob water and the water quality characteristics under various conditions of the 
mining space are analyzed, which provides a reference to distinguish the source of mine water inrush and predict the 
acid gob water and prevention water work.  
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The gob water means abandoned mine water, confined inside the mined-out area, also is known as the 
old kiln water, which has the characteristics of long time accumulation, poor supply, mostly static storage-
based, ferocious, large water bursting and destructive strength, but short duration of water gushing and 
easy dewatering. In recent years, 80% accidents of water inrush are gob water inrush, which is a big 
challenge to the coal mine production safety. So “the gob water detection and technical equipment " 
research project is ranked as a major national research project during "Eleventh Five-Year Plan "and the 
focus of the study of the workers for mine water control technology. 
The main treatment means of the gob water is prevention, detection by geophysical means, the use of 
drainage and exploration drilling pillar left in the way of security. With the increasing depth of coal 
mining and bigger production, the accidents of gob water inrush are becoming severe. The gob water 
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quality has been studied rarely systematically, understanding of the acid water is insufficient and remains 
at the hydrogen sulfide gas. The formation mechanism of the acidic gob water and characteristics of 
different hydrogeological conditions are analyzed taking the Jin Cheng mining area as example. 
1. General Situation 
Jincheng mining area is located in Qinshui coalfield, operates main Carboniferous-Permian coal seams 
3#ǃ9#and 15#, 3# coal seam is primarily mined by SiheǃChengzhuang coal mines in the western 
mining area and ZhaozhuangǃChangping coal mines in northern mining area, 3 coal mines(Wangtaipuǃ
GushuyuanǃFenghuanshan) have mined 3# coal seam and already entered into 9#ǃ15#coal seams. In 
the old liberated area mining time is long, the worked-out area is large, the fractures developed, the 
mining level extended down to 15# coal seam, the overlying gob water hazard is outstanding. The gob 
water-inrush in Gushuyuan coal mine occurred in February 15, 1985, caused direct economic losses of 
428,000 yuan [1], but fortunately no casualties. The gob water hazards have been encountered in Siheǃ
Chengzhuangǃ ChangpingǃZhaozhuang coal mines and so on . 
2. Chemical characteristics of gob water 
To prevent the gob water threat to the safety of coal mine production, Jincheng Mining Group 
Company has conducted water detection and drainage in known 3#ǃ9# gob areas. To study the evolution 
of the water in Jincheng gob area, the water samples from 3 #ǃ9 # coal drainage areas of Wangtaipuǃ
Gushuyuan ǃSihe II wells and so on in Jincheng mining area have tested. The chemical compositions of 
the water are shown in Table 1. 
Table 1: The water chemical composition from 3#ǃ9ʿ coal gobs                             ion content unit: mg/l 
Sampling sites Water type Salinity PH K+ Na+ Ca2+ Mg2+ Cl- SO4
2- HCO3
-
5208(3#)mined space in 
Wantai-pu 
HCO3SO4-
Na
1173.6 8.15 2.15 270.59 60.73 17.01 74 236.46 511.71 
2219(9#) mined space 
in northern Wantai-pu 
SO4HCO3-
Na
2304.2 8.35 3.44 709.11 78.83 6.03 45.17 799.74 245.61 
3# coal gob bleed hole 
in eastern Gushu-yuan 
9# coals  
HCO3SO4-
Na
2181.7 7.86 2.89 601.3 36.99 11.08 26.06 583.65 917.06 
3# coal gob bleed hole 
in western Gushu-yuan 
9# coals 
HCO3-NaCa 1084.5 7.38 3.25 139.13 97.71 30.65 25.02 39.51 748.35 
3# coal gob in Sihe  Ċ
well  
HCO3-Na 1004.6 7.94 2.15 251.5 27.35 3.94 46.56 37.25 634.73 
9# coal gob in Sihe  Ċ
well  
HCO3-Na 1329.8 8.38 1.41 401.1 5.56 1.76 33.01 108.05 686.84 
Gobwater in 4303 
workings 
HCO3-Na 932.08 8.42 1.51 251.5 7.01 2.89 51.07 43.2 529.12 
3305 coal gob in 
Zhaozhuang  
HCO3-Na 1051.5 8.26 1.23 290.44 4.98 2.3 75.22 22.84 653.15 
2301 dam ofĉ
auxiliary transport 
SO4HCO3-
CaMg 
1069.5 7.14 3.07 46.2 180.07 49.9 33.88 337.31 417.4 
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lane in southern 
Chengzhuang    
2# inflection point in 
Chengzuang 4303 
workings  
HCO3-Na 952.2 7.38 2.52 207.09 38.77 12.09 29.18 36.22 625 
3303 coal gob in 
Chengzhuang  
HCO3SO4-
NaCa 
893.0 7.9 2.7 139.13 70.89 26.29 18.07 150.65 483.82 
Goaf water of small 
coal mine in Wangtai-
pu
SO4-Ca(Mg) 2361 3.62 1.41 29.26 263.77 219.2 39.61 1673.2 30.79 
Leakage water from 3#
sealing wall near by 
small coal mine of 
roadway XV1302 in 
Wangtaipu 
SO4-Ca(Mg) 2834 5.5 5.09 37.8 577.24 160.4 39.96 2002.4 11.43 
As is showed in table 1, quality of water in Jincheng mine generally has the following characteristics: 
gHCO3ˉNa type water, the PH value is normally higher than 8.0, similar to the water quality of 
sandstone in coal measure, sandstone-type fracture water.  
gHCO3·SO4ˉNa type water, the PH value is higher than 8.0, the content of SO42- ion is higher than 
that of the coal measure sandstone water. 
gHCO3·SO4ˉNa·Ca and HCO3·SO4ˉCa·Mg(Na) or SO4·HCO3ˉCa·Mg type water, the PH 
value is lower than 8.0,  sodium is relatively low, but calcium and magnesium ions are relatively dominant.  
gSO4ˉCa·Mg type water, the PH value is lower than 7.0. In the anion, the content of HCO3- is 
significantly reduced, SO42-content is in a absolute dominant position. Calcium and magnesium ions are 
in a relatively dominant position, which is the characteristic of acidic gob water. 
The water qualities of four types of mined areas also exist in the major coal mines in North China. It 
represents the evolutionary processes of the water accumulation under the different hydrogeological 
conditions. 
2.1. Evolutionary process of gob water 
2.1.1. The source of gob water  
The roof and floor are damaged by the effect of the bedrock pressure in gobs after the seam was mined. 
The water stored in the fractures in the mined area comes together to form the gob water. After the roof is 
damaged, the water-conducting fracture zone in the coal seam extends to other upper aquifers, and even 
surface water bodies. Therefore, the water quality of the mixed water in gob formed the HCO3ˉNa type 
water in the short term, which is similar to the water quality of sandstone. Sometimes the water quality 
forms HCO3·SO4ˉNa·Ca type water when the water-conducting fracture zone connects Quaternary 
system or surface water. 
2.1.2. The evolution of gob water 
In most of the coal measures formed in the reducing environment, and the coal seams with pyrite (FeS2) 
were formed in a strongly reducing environment. Coal generally contains about 0.3% to 5% sulfur, mainly 
in the form of pyrite, which accounts for about 2/3 of the sulfur content in coal. After mining, the pyrite 
contacts with mine water and air in the oxidizing environment, undergoes a series of oxidation and 
hydrolysis reaction, and generates sulfuric acid and iron hydroxide which makes the water acidic, which is 
the acidic gob water.      
Evolution of chemical reactions is as follows: 
gPyrite oxidations generate the free sulfuric acid and ferrous sulfate: 
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2FeS2 + 7O2 + 2H2O  2H2SO4 + 2FeSO4 
g Under the function of free oxygen ferrous sulfate is converted to ferric: 
4FeSO4 + 2H2SO4 + O2  2Fe2 (SO4) 3 + 2H2O 
gIn the gob area, the presence of free oxygen makes the ferrous sulfate oxidize to sulfate further: 
12FeSO4 + 3O2 + 6H2O  4Fe2 (SO4) 3 + 4Fe (OH) 3 
gSulfate in water serves the function of various sulfide minerals further dissolved: 
Fe2 (SO4) 3 + MS + H2O + 3/2 O2  M SO4 +2FeSO4 + H2SO4 
gFerric sulfate in the weak acid water is hydrolyzed to free sulfuric acid: 
Fe2 (SO4) 3 + 6H2O  2 Fe (OH) 3 + 3H2SO4 
gWhen hydrogen sulfide content in deep mine is high, ferrous sulfate-rich mine water can also 
produce free sulfuric acid in reducing conditions: 
2FeSO4 + 5H2S  2FeS2+3S+H2SO4+H2O[2] 
That is the formation process of the acidic gob water. In the early  stage of formation of gob water 
water quality is  mostly similar to sandstone water type, generally is HCO3-Na type and higher in PH 
value, always greater than 8.3. With the seam mining, the reducing environment develops into oxidizing 
environment, the sandstone water (and Quaternary water)is mixed, pyrite oxidation increases the sulfate 
content, PH value is slowly decreased, the HCO3·SO4ˉNa type water is formed. With the further 
dissolution of sulfide minerals and the generation of free sulfuric acid, the sulfate ion concentration 
increases, and the PH value is getting lower and lower (HCO3-levels resulting in reduction), salinity of 
the gob water is increasing. The calcium and magnesium mineral dissolution is also increasing more and 
more. The ingredient content of calcium and magnesium ions gradually exceeds that of sodium ions, 
water types gradually evolves into SO4ˉCa·Mg-type water, which is the formation process of acidic gob 
water.  
2.2. The factors in the formation of acidic gob water
gHigh content of sulfur is the material basis for the formation of acidic water. When the sulfur content 
is less than 1%, the acidic water can not be produced usually, and when the sulfur content is more than 1% 
in coal seam and its roof and floor containing pyrite, sulfuric acid is generated and the water is acidic 
through a series of the reactions of oxidation and hydrolysis,etc. after the connection of pyrite residue in 
the goaf in an oxidizing environment with mine water and air. 
gThe oxygen permeability is a necessary condition for the formation of acidic water. Oxidation of 
sulfide in coal and its roof and floor is relevant with oxygen concentration. Under wet conditions in the 
mine, the reaction rate isproportional to the concentration of oxygen.  
g The intensity of acid mine water is relevant with the concentration of acidic products. Under the 
condition of better oxygen permeability, the oxidation of sulfide accelerates, the sulfide product enriches 
in the mined area. Under the conditions of stable water recharge and good roof permeability in gob, the 
discharge is large and stable, the acid products are continuously washed and excreted out, which cannot 
reach higher concentrations, is difficult to form stronger acidic water. 
In an isolated mined area, the oxygen circulation is poor. The oxidation rate of sulfide slows down with 
the decline in oxygen content. Severe hypoxia acidic products will remove sulfuric acid, so that the SO42- 
in water is reduced or even disappears, thus weakening the acid, resulting in the increase of HCO3-
concentration [3]. 
Pyrite content in Jincheng mining area is higher, which provides the condition for acidic gob water, 
sandstone water quality in gob area is usually HCO3-Na type water. The gob water quality types are: 
HCO3-Na HCO3·SO4-Na SO4·HCO3ˉNa  SO4-Ca·Mg, sulfate ion content has become more 
sophisticated, PH value is getting lower and lower, the trend of gob acid water is shownǄThe PH value 
of the gob water from small coal mines in Wangtai mine is 3.6 and 5.5; sulfate ion content is 1673.2mg / l 
and 2002.4mg / l, which means formation of the acidic gob water. It is found that the gob water in small 
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coal mines is confined, but still connect the surface to get the continuous recharge of rainfall and 
Quaternary water. Finally the constant accumulation of acid products brings on the formation of strong 
acidic water. Under the threat of gob water, the drainage works by detection is needed to get the water 
continuously to stream and to discharge. The acidic products will not easily accumulate to form acidic 
water as the result. 
3. Gob water quality type 
The formation process of acidic gob water shows that, there are many factors that influence the 
formation process of the gob water quality, such as water recharge, environment in coal gob area, the 
oxygen permeability, mining depth, residence time and so on.  
gSandstone types: This water quality is HCO3ˉNa, HCO3·SO4ˉNa, SO4·HCO3ˉNa type, 
originated from sandstone fissure water. If the PH value is higher than 8.3 usually, it shows that the gob 
water have formed in short term because the enclosed environment turns into open environment ,and the 
pyrite in the coal is oxidized to produce sulfate ion. While the PH value is 7 to 8 , it shows that there are a 
strong smell of hydrogen sulfide, long residence time and the oxygen consumed in gob, the formation of 
strong reducing environment leads to the removal of sulfuric acid, which results in acidity decreasing and 
sulfate ion content reducing, or even disappearing, and bicarbonate ion content increasing significantly. 
gMixed type: This water quality is the HCO3·SO4ˉ Na·Ca, HCO3·SO4ˉ Ca·Mg (Na) or 
SO4·HCO3ˉCa·Mg-type. Because of the interfusion of sandstone fracture water and alluvial water or 
thin limestone water in the floor, the pyrite is oxidized continually, the concentration of sulfate ions 
increases, and PH value is generally 7 to 8. But in the appropriate environment, with the retention time 
increasing and the accumulation of acids, a conversion of the water into the acidic gob water is possible.  
gSO4ˉCa·Mg, SO4ˉCa type: The water features are: long time of formation, high salinity ,sulfate 
ion content and total hardness ,PH value is less than 8. So the gob water is acidic. The PH value of some 
water is about 7.0 because the waters come from Quaternary alluvial water, surface water or limestone 
water.  
The formation and transformation of the gob water quality is a complex process. Especially in the 
integrated mine, gob water quality of small coal mines is more complex. Due to the different local 
hydrogeological conditions, such as different concentration of sulfur and oxygen permeability and 
different formation time, gob water has different types. Generally the acidic gob water exists in the coal 
seam at shallow mining depth (high concentration of oxygen permeability, or connection with Quaternary 
surface water) or in the mine with large sulfur content. While in the deep zone of the gob, the gob is 
difficult to form acidic water normally because of relatively poor oxygen permeability, not being easy to 
connection with the surface water or Quaternary water within higher oxygen concentration. 
4. Conclusions 
The prevention and control of gob water disasters is the theme which is studied and explored by coal 
mine safety workers, gob water quality features are an important means in judging whether sources of 
inrush-water exist, acidic gob water just is a evolution result of pond water in mined space, which can be 
formed under the condition of higher oxygen permeability and gob sulfur concentration. 
Detection of water quality and type of gob water is of importance for the control of water in coal 
production safety work. However, the quality and type of fractured sandstone gob water are close to the 
sandstone water, water quality characteristics cannot be regarded as the same during analysis of the water 
signs of discrimination, it is necessary to take corresponding detection and drainage measures to avoid 
gob water inrush accidents. For the mine associated with water inrush incidents, determining sources of 
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water burst is important, while improving drainage and increasing the intensity of the drainage is an 
effective means, because the general reserves of gob water show that static reserve is large and dynamic 
reserve is very small. 
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